ABSTRACT A three-treatment aerial application insecticide experiment was conducted in Þve commercial sugarcane, Saccharum spp., Þelds in south Texas to evaluate the use of pheromone traps for improving chemical control of the Mexican rice borer, Eoreuma loftini (Dyar), in 2009 and 2010. A threshold of 20 moths/trap/wk was used to initiate monitoring for larval infestations. The percentage of stalks with larvae on plant surfaces was directly related to the number of moths trapped. Reductions in borer injury and adult emergence were detected when a threshold of Ͼ5% of stalks with larvae present on plant surfaces was used to trigger insecticide applications. Novaluron provided superior control compared with ␤-cyßuthrin; novaluron treated plots were associated with a 14% increase in sugar production. A greenhouse experiment investigating establishment and behavior of E. loftini larvae on two phenological stages of stalkborer resistant, HoCP 85-845, and susceptible, HoCP 00-950, sugarcane cultivars determined that more than half of larvae on HoCP 00-950 and Ͼ25% on HoCP 85-845 tunneled inside leaf mid-ribs within 1 d of eclosion, protected therein from biological and chemical control tactics. Exposure time of larvae averaged Ͻ1 wk for all treatments and was shortest on immature HoCP 00-950 and longest on mature HoCP 85-845. This study shows a short window of vulnerability of E. loftini larvae to insecticide applications, and demonstrates the potential utility of pheromone traps for improving insecticide intervention timing such that a single properly timed application may be all that is required.
The Mexican rice borer, Eoreuma loftini (Dyar), is an invasive crambid originating in Mexico, Þrst detected in south Texas in 1980 (Johnson and Van Leerdam 1981) . Now the pest comprises Ͼ95% of the sugarcane, Saccharum spp., stalkborer population there (Legaspi et al. 1997 ) and causes Ͼ$10 million in annual revenue losses (Legaspi et al. 1999) . The insect has expanded into the rice (Oryza sativa L.), production area of east Texas (Browning et al. 1989 , ReayÐJones et al. 2007a , and, recently, Louisiana (Hummel et al. 2010) . By 2035, E. loftini is predicted to infest all of LouisianaÕs sugarcane areas with projected annual losses of $220 million in sugarcane and $48 million in rice (ReayÐ Jones et al. 2008) .
Insecticidal control of E. loftini has rarely improved sugarcane yield (Johnson 1985 , Meagher et al. 1994 , ReayÐJones et al. 2005 , and south Texas growers have largely abandoned the tactic (Legaspi et al. 1997 ). However, a recently developed insect growth regulator (IGR), novaluron, suppresses E. loftini infestations in sugarcane (Akbar et al. 2009 ). Modeled after the sugarcane borer, Diatraea saccharalis (F.), intervention threshold in Louisiana (Hensley 1971 , Posey et al. 2006 ), a threshold of Ͼ5% of stalks with E. loftini larvae on plant surfaces indicates the need for an insecticide application (Johnson 1985) . Scouting for E. loftini in sugarcane is labor intensive and identiÞcation of a relationship between adult population density and larval infestations could improve early detection of population increases (Meagher et al. 1996) . Pheromone traps are effective at monitoring adult male E. loftini populations (Shaver et al. 1990 (Shaver et al. , 1991 ) and could be useful for determining insecticide application timing.
Chemical control of E. loftini is hindered by the larvae boring into stalks and packing tunnels with protective frass. Hence, insecticide applications target early instars that are exposed on plant surfaces (Johnson 1985 , Van Leerdam 1986 , Meagher et al. 1994 ). E. loftini prefers to oviposit in folds that mostly occur on dry leaf material (Showler and Castro 2010b) , protected from insecticides and natural enemies. After eclosion, early instars disperse and feed on the green tissue of leaves and leaf sheaths before they enter the stalk (Van Leerdam 1986) . Van Leerdam (1986) estimated 10 d between eclosion and stalk entry, the average age of third instars reared at 29ЊC. Resistant cultivars might be able to extend the intervention window, hence increasing potential efÞcacy of insecticides. Because larvae are protected once they bore into the stalk, the period of exposure while feeding on leaves and sheaths is the only time larvae are vulnerable to control tactics. Determination of duration of larval vulnerability will have broad implications to E. loftini integrated pest management (IPM), including reÞning the economic threshold (based on scouting for exposed larvae), developing cultivar-speciÞc intervention thresholds (Posey et al. 2006 , White et al. 2008 ) and identifying resistance mechanisms. The objectives of this study were 1) to assess the efÞcacy of an IGR application under commercial conditions, triggered by E. loftini population monitoring with pheromone traps; 2) to determine the pestÕs window of larval exposure to insecticides; and 3) to assess effects of sugarcane cultivar and phenological stage on early instar feeding behavior and establishment.
Materials and Methods
Aerial Insecticidal Control. A Þeld study was conducted in 2009 and 2010 using a randomized complete block design, each of the Þve blocks (replications) being a 14 Ð33 ha commercial sugarcane Þeld (variety CP 72-1210) in Cameron and Hidalgo counties, TX. Each Þeld had three 4-ha plots for a nontreated control, and threshold-triggered applications of novaluron (Diamond 0.83 EC; Makhteshim Agan of North America Inc., Raleigh, NC) at 80 g (active ingredient [AI])/ha or ␤-cyßuthrin (Baythroid XL; Bayer CropScience, Research Triangle Park, NC) at 25 g (AI/ha). Adult E. loftini population densities were monitored using standard universal pheromone traps (Unitrap; Great Lakes IPM, Vestaburg, MI) (one per Þeld in 2009, two per Þeld in 2010) baited with synthetic E. loftini female sex pheromone in a rubber septa lure (Luresept; Hercon Environmental, Emigsville, PA). Traps were attached to metal poles 1 m above the soil surface Ͼ2 m inside the sugarcane Þelds, each trap containing an insecticidal strip (Vaportape II; Hercon Environmental, Emigsville, PA) to maximize trap capture (Shaver et al. 1991) . Pheromone lures were replaced every 2 wk and insecticidal strips were replaced every 4 wk according to label instructions.
Traps were checked weekly from 15 July to 14 October 2009 and from 1 June to 14 August 2010, and numbers of captured male E. loftini were recorded. In 2009, a threshold of Ͼ20 moths per trap per week was developed based on preliminary reports ) and Þeld observations (T. E. Reagan, personal observations). Trap catches exceeding this threshold initiated visual monitoring for larval infestations, by removing all leaf sheaths and recording the presence of larvae on 20 randomly selected stalks per Þeld. Larval monitoring was expanded in 2010 being conducted throughout the growing season by examination of 10 stalks (1 June through 6 July) or 20 stalks (13 July through 14 August) several rows in from trap locations in all Þelds. Larval infestations exceeding the threshold of 5% of stalks with exposed larvae present on plant surfaces triggered insecticide applications by a Þxed wing aircraft ßying at 233 km/h equipped with CP-03 nozzles at 96 L/ha (Ͻ8 km/h wind) on the mornings of 21 August 2009 and 14 August 2010. Before harvest, 15-stalk samples were collected on 28 October 2009 and 8 November 2010 from two locations in each plot and the numbers of internodes, bored internodes, and moth emergence holes were recorded. Plots were harvested separately using conventional farm equipment and the sugarcane was weighed. Tons of sugarcane per hectare (TCH) was calculated by dividing the total weight of sugarcane (tons) harvested from each plot by the plot size (hectares). Sugarcane yield and quality parameters were calculated by the Rio Grande Valley Sugar Growers laboratory with the core sampling method (Birkett 1975 (Birkett , 1979 including percentage brix and percentage sucrose determined though direct polarization. The ratio of sucrose to all other dissolved solids, or juice purity, is expressed as a percentage. Commercially recoverable sugar (CRS) was recorded for each core sample and extrapolated to one ton of cane that is expressed as pounds of sugar per ton of sugarcane. TSH was calculated by the following: TSH ϭ (Mean CRS*TCH)/2000. Yield data were analyzed using generalized linear mixed models (Proc GLIMMIX; SAS Institute 2008) with Gaussian distributions. Means were converted to metric units after analysis. Yield data were only collected in 2010. The unavailability of 2009 yield and quality data resulted from a rush by growers to harvest because of hard freezes and rapid crop deterioration in December 2009 and January 2010.
The numbers of internodes, bored internodes, and emergence holes from stalks were summed for each 15-stalk sample to reduce effects of inter-stalk variation. Data were analyzed with year, Þeld, Þeld ϫ year, and Þeld ϫ year ϫ treatment as random effects. The proportion of bored internodes was analyzed using a generalized linear mixed model (Proc GLIMMIX; SAS Institute 2008) with a binomial distribution. Numbers of adult emergence holes were analyzed using a generalized linear mixed model (Proc GLIMMIX; SAS Institute 2008) with a Poisson distribution. Generalized linear mixed models with appropriate distributions were used (PROC GLIMMIX; SAS Institute 2008) because proportion data (percentage of bored internodes) and count data (number of emergence holes) are not normally distributed. For all models, the KenwardÐRoger method (Kenward and Roger 1997) was used to compute denominator degrees of freedom for the test of Þxed effects for all variables, and TukeyÕs honestly signiÞcant difference (HSD) test (Tukey 1953 ) was used for mean separation. In addition, a simple linear regression between the numbers of male E. loftini per pheromone trap per week and the percentages of stalks infested with treatable larvae in 2010 was conducted (Proc GLIMMIX; SAS Institute 2008).
Early Instar Establishment and Behavior.
A greenhouse study was conducted during the summer of 2010 at the U.S. Department of AgricultureÐAgriculture Research Services (USDAÐARS) Kika de la Garza Subtropical Agricultural Research Center, Weslaco, TX, to investigate E. loftini early instar establishment and feeding behavior on two phenological stages of an E. loftini resistant sugarcane cultivar, HoCP 85-845, and a susceptible cultivar, HoCP 00-950 (ReayÐJones et al. 2005) . Twenty-four sugarcane nodes of each cultivar were obtained from Certis U.S.A. (Baton Rouge, LA) sugarcane tissue cultures. All nodes were planted in mid May in 7.6-liter pots in Sunshine mix no. 1 nursery potting soil (Ϸ75% sphagnum peat moss, perlite, dolomitic limestone, and gypsum; Sungro Horticulture, Bellevue, WA). Plants were kept well watered throughout their growth and 200 ml of Peters Professional (ScottsÐSierra Horticulture Products Company, Marysville, OH) water-soluble general purpose fertilizer was applied to the soil once plants reached the two-leaf stage. Plants were arranged in a completely randomized design as a 2 ϫ 2 factorial, cultivar ϫ phenological stage, with each of the four treatments replicated using 12 stalks.
The experiment was initiated when stalks had produced six nodes (immature sugarcane) from 14 June through 2 July, and from 30 July through 17 August when stalks had 12 nodes (mature sugarcane). Eggs were obtained from a laboratory colony reared from E. loftini larvae collected from commercial sugarcane Þelds in Hidalgo Co., TX, on artiÞcial diet (Martinez et al. 1988 ) at 25ЊC, 65% relative humidity (RH), and a photoperiod of 14:10 (L:D) h. After mating, E. loftini females deposited egg masses of 10 Ð 80 eggs on 1-cm wide paper strips. Before attaching strips using 2.5-cm paper clips to the ventral side of leaves 15Ð25 cm from the stalk, eggs on each strip were counted. The paper strips were removed 7 d later after eggs hatched and the numbers of unhatched, presumably nonviable, eggs were counted under a microscope.
Over all treatments and replications, development and behavior of 277 early instars was examined by direct observation and stalk dissection. On day 1 after egg hatch, numerous entry holes in the mid-rib of sugarcane leaves were observed indicating neonates had bored into leaves with in 1 d of hatching rather than feeding in leaf sheaths as anticipated. The location of initial establishment was recorded as either sheath feeding or mid-rib entry, and numbers and positions of mid-rib entry holes were recorded. All leaves and leaf sheaths on each plant were examined daily over 14 consecutive days for the presence of early instar E. loftini, and the location of feeding sites (mid-rib or sheath), dispersal distance from oviposition sites, and time to stalk entry were recorded. The percentage of larvae that became established on each stalk was based on the number of larvae observed feeding on or in leaves and leaf sheaths out of the number of hatched eggs. Dispersal of early instars, expressed as number of internodes traversed from oviposition sites, was recorded for all established larvae. Early instars feeding within the leaf sheaths were monitored daily by checking between the stalk and leaf sheath for the presence of larvae. Daily examination of each sheath was conducted until entry holes were observed or larvae were recorded as dead or vanished. Survival to stalk entry and duration of leaf sheath feeding (time from eclosion to mid-rib or stalk entry) were recorded. After allowing 4 wk for development, stalks were dissected and the numbers and locations of entry holes and live larvae and pupae were recorded. The proportion of larvae that became established on the stalk and the proportions entering leaf mid-ribs and surviving to stalk entry were not transformed and were analyzed using generalized linear mixed models (Proc GLIMMIX; SAS Institute 2008) with binomial distributions. A separate analysis that excluded larvae that had entered into the mid-rib compared effects of treatments on duration of leaf sheath feeding. A linear mixed model (Proc GLIMMIX; SAS Institute 2008) was used to analyze data on the duration of exposure, duration of leaf-sheath feeding, and larval dispersal. (Fig. 1) . On 14 August 2010 larval infestations ranged from 5 to 22.5% with a mean of 11.3 Ϯ 1.5% of stalks with larvae exposed on plant surfaces. Weekly monitoring of larval infestations in 2010 allowed for determination of the relationship between adult population density and larval infestation (Fig. 2) . Linear regression revealed a relationship (F ϭ 280.7; df ϭ 1, 114; P Ͻ 0.0001; R 2 ϭ 0.71) between pheromone trap catches and larval infestation that can be summarized by the equation, y ϭ 0.213x Ð 0.038, where x is the number of E. loftini per trap per week and y is the percentage of stalks infested with treatable larvae feeding on plant surfaces.
Results

Aerial
The probability of occurrence of a bored internode was reduced compared with nontreated controls by an average of 40.3 and 60.2% over both years in ␤-cyßu-thrin and novaluron treated plots, respectively (F ϭ 11.41; df ϭ 2, 18.2; P ϭ 0.0006) (Fig. 3A) . The mean numbers of emergence holes per stalk were 37.4 and 58.4% lower than nontreated controls over both years for ␤-cyßuthrin and novaluron treated plots, respectively (F ϭ 4.65; df ϭ 2, 17.2; P ϭ 0.0244) (Fig. 3B) .
Yield data from 2010 indicate that reduced injury in novaluron treated plots was associated with improved juice purity by 1%, percentage sucrose by 3.5%, percentage brix by 3%, sugar per metric ton of sugarcane by 5.3%, metric tons of sugarcane per hectare by 8.8%, and recoverable sugar (metric tons of sugar per hectare) by 14% (Table 1 ) compared with untreated controls. ␤-cyßuthrin treated plots were only different from controls in terms of sugar yield per metric ton of sugarcane (2.6% increase).
Early Instar Establishment and Behavior. On the Þrst day after egg hatch, numerous entry holes in the mid-ribs of sugarcane leaves were observed, indicating that 24.1 to 67.5% of early instars had bored into leaves within 1 d of hatching (Table 2 ). The mean percentage of larvae surviving to stalk entry ranged from 27.4 to 72.4% among treatments, and mean duration of exposure ranged from 3.5 to 6.4 d ( Table 2) .
Over both phenological stages of sugarcane, the percentage of early instars that became established on the plant was 40% greater on susceptible cultivar HoCP 00-950 than on resistant HoCP 85-845 (Table 2 ). The percentage of established larvae that bored into the leaf mid-rib was twice as high on HoCP 00-950 as on HoCP 85-845 (Table 2) . Average dispersal distance (numbers of internodes from oviposition sites) was 19% greater on HoCP 85-845 than on HoCP 00-950 (Table 2) . Duration of exposure of all established larvae was 40% longer on HoCP 85-845 than HoCP 00-950. Duration of leaf sheath feeding was 14.7% longer in HoCP 85-845 compared with HoCP 00-950 when considering only established larvae feeding in leaf sheaths (Table 2) . The percentage of larvae to become established feeding in leaves and leaf sheaths was 60% greater on mature than on immature plants, and the percentage of established larvae surviving to stalk entry was 90% greater on immature than on mature sugarcane. Average dispersal distance was 30% greater on immature than on mature sugarcane (Table 2 ). All dispersal on immature sugarcane was toward the top of the stalk while 21% of larvae moved down from oviposition sites on mature sugarcane. Duration of exposure was 20% greater on mature plants than immature, and an interaction effect was detected between cultivar and phenological stage for the percentage of early instars entering the mid-rib and the percentage of established larvae surviving to stalk entry (Table 2) . Immature HoCP 00-950 had the greatest percentage of larvae entering the mid-rib within 1 d and a mean duration of exposure of only 3.5 d (Table 2) . Duration of larval exposure was longest, 6.4 d, on mature HoCP 85-845.
Discussion
Use of pheromone traps to assist scouting for E. loftini in sugarcane demonstrates potential to reduce scouting effort and improve chemical control. A scouting threshold based on pheromone trap captures could enhance scouting efÞciency by focusing larval monitoring at the most appropriate times when adult population densities are high. When a threshold of 20 E. loftini per trap per week was used , T. E. Reagan, personal observations) only one instance of larval scouting was necessary in 2009. Weekly larval scouting from June to mid-August in 2010 revealed a strong positive relationship between numbers of E. loftini per trap per week and the percentage of stalks infested with treatable larvae on plant surfaces. Linear regression analysis indicated a trap catch of 23.6 E. loftini per trap per week corresponds to the treatment threshold of 5% of stalks infested with treatable larvae. These results indicate an action threshold of 20 E. loftini per trap per week is appropriate to initiate scouting and verify larval infestations. However, further evaluation of the relationship between larval infestations and pheromone trap captures under a variety of environmental conditions may be needed before this approach is extensively used. Therefore, pheromone trap assisted scouting could potentially be further developed for use on a broad commercial scale to increase monitoring efÞciency in Texas and Louisiana. LouisianaÕs sugarcane industry is heavily dependent on consultant scouting for D. saccharalis infestations, and the infrastructure is in place to use pheromone trap assisted scouting when E. loftini becomes established as a major economic pest in Louisiana sugarcane (ReayÐJones et al. 2008 , Hummel et al. 2010 .
When timed in accordance with our threshold, a single insecticide application reduced E. loftini injury and adult emergence in both 2009 and 2010. The superior control of novaluron in comparison to ␤-cyßu-thrin is likely the result of both residual and translaminar activity (Ishaaya et al. 2002 (Ishaaya et al. , 2003 , and conservation of beneÞcial arthropods . Novaluron has substantial residual and translaminar activity remaining effective for up to 5 wk depending on environmental conditions (Ishaaya et al. 2002 (Ishaaya et al. , 2003 Cutler et al. 2005) . ␤-cyßuthrin has a longer residual activity, relative to other pyrethroids (Athanassiou et al. 2004 ), but its residual activity is negatively correlated with temperature and toxicity is greatly reduced at temperatures exceeding 25ЊC (Arthur 1999). The negative relationship between pyrethroid residual activity and temperature (Toth and Sparks 1990 ) might be an important factor limiting pyrethroid efÞcacy in south Texas where summer temperatures regularly exceed 35ЊC. Novaluron and other IGRs are generally less toxic to nontarget arthropods than pyrethroid insecticides, better preserving natural pest suppression Posey 2001, Beuzelin et al. 2010) . Reduced predation in ␤-cyßuthrin treated plots might have contributed to weaker control relative to novaluron treated plots. Previous studies have shown that chemical control of E. loftini is inadequate to improve sugarcane yield even after multiple insecticide applications (Johnson 1985 , Meagher et al. 1994 , Legaspi et al. 1997 , ReayÐ Jones et al. 2005 ). However, our study indicates that much of the difÞculty might have been in part because of relatively poor timing of insecticide applications. The economics of E. loftini management using insecticides could be improved by reduction of multiple applications that are inefÞcient, and relying more on a single well-timed insecticide application that increases yield. While yield data were only collected for 1 yr, the reduced yield loss detected in 2010 is consistent with the 2 yr of injury data (proportion of bored internodes) presented. The relationship between borer injury and yield is well established (Metcalfe 1969 , White and Hensley 1987 , Legaspi et al. 1999 , White et al. 2008 , ReayÐJones et al. 2008 . Yield and quality parameters such as sugar per hectare, juice purity, and sucrose content have been documented as being inversely related to percentage of E. loftini bored internodes (Legaspi et al. 1999) . We suggest that past failures to detect improved yields despite chemically induced reductions in percentages of bored internodes (Johnson 1985 , Meagher et al. 1994 , Legaspi et al. 1999 , ReayÐJones et al. 2005 ) resulted from high variability in sugarcane yield studies, particularly involving small plot tests. Our experiment was the Þrst to adequately replicate larger areas (4 ha per treatment plot with Þve replications) and likely provides a more accurate assessment of insecticide application effects on sugar yield and quality under commercial conditions. A single application of novaluron enhanced subsequent sugar yield by 14% compared with controls in 2010, and based on the current price of raw sugar, $766.77/metric ton (U.S. Dep. Agric.ÐERS 2011), the novaluron treatment is expected to increase revenue by $690.09/ha, representing the Þrst report of insecticidal E. loftini control resulting in increased sugar yield and quality. Based on an aerial application cost with 95 L/ha of $37.50/ha (Salassi and Deliberto 2009 ) and the retail cost of novaluron of $30.00/ha the net economic beneÞt of the application was $622.59/ha. However, because only 1 yr of yield data were collected in this study, insecticide effects on yield will require further evaluation.
The importance of application timing and development of management tactics that target early instars is further supported by greenhouse research that suggests the duration of larval exposure on plant surfaces is substantially shorter than previously estimated (Van Leerdam 1986 , Ring et al. 1991 . Because larvae are protected once they bore into the stalk, the period of exposure while feeding on leaves and sheaths is the only time larvae are vulnerable to control tactics. Determination of duration of larval vulnerability will have broad implications to E. loftini IPM, including reÞning the economic threshold (based on scouting for exposed larvae), developing cultivar-speciÞc intervention thresholds (Posey et al. 2006 , White et al. 2008 ) and identifying host plant resistance mechanisms. The rapid entry of most E. loftini larvae into susceptible sugarcane (1 d) is substantially shorter than the 10 d reported by Van Leerdam (1986) . In our study, early instar entry into the mid-ribs was recorded, and the appearance of entry holes in the stalks suggests these larvae also successfully entered the stalk with limited exposure on plant surfaces. Similar to E. loftini, the unsatisfactory performance of insecticides against Eldana saccharina (Walker) in South Africa (Heathcote 1984 ) might be because Ϸ5% of larvae bore into sugarcane plant surfaces within 1 d (Leslie 1993) . Our research shows this behavior is relatively more frequent in E. loftini, and is likely an important factor limiting the success of chemical control.
Differences in larval behavior between cultivars suggest that resistant varieties impede larval establishment with the potential to improve efÞcacy of other control tactics. A greater percentage of larvae to become established feeding in leaves or leaf sheaths on susceptible HoCP 00-950 than on the resistant HoCP 85-845 occurred because more larvae bored into the plant within 1 d. Longer larval exposure on the resistant cultivar might be partly because of greater dispersal on the resistant cultivar than on the susceptible cultivar. The lack of differences in the percentage of established larvae to enter the stalk between cultivars suggests the mechanism of resistance such as leaf sheath appression (Coburn and Hensley 1972) occurred before stalk entry.
Less space available on young sugarcane, particularly the lesser amount of folded leaf tissue, might have limited larval establishment (Showler and Castro 2010b) . Once established, larval survival to stalk entry on immature sugarcane was nearly twice as great as that on mature sugarcane indicating young internodes are more susceptible to borer entry. Although more larvae became established feeding on the leaves and sheaths of mature sugarcane plants, proportionately fewer successfully entered the stalk relative to immature sugarcane possibly because immature sugarcane plants have greater nutritional value than mature sugarcane plants (ReayÐJones et al. 2007b) . Further, the longer exposure on mature sugarcane plants suggests that physiological factors, such as increased rind hardness (Martin et al. 1975) , of mature sugarcane impedes stalk boring (Van Leerdam 1986 , Ring et al. 1991 . Similarly, D. saccharalis establishment on corn plant surfaces infested at later growth stages is greater than on younger corn attributable to decreased leaf sheath appression as plants age, while larval stalk entry was greater on younger corn (Flynn et al. 1984) . Host plant characteristics unfavorable to larval establishment are important components of host plant resistance to stalkborers (Mathes and Charpentier 1969) , and resistance mechanisms that prolong larval exposure outside the stalk enhance the efÞcacy of other control tactics including insecticide applications and biological control. Research has consistently shown that the greatest suppression of sugarcane stalkborer infestations is achieved when insecticide applications are used in conjunction with host plant resistance (Bessin et al. 1990b , ReayÐJones et al. 2005 , Posey et al. 2006 . Rapid early instar entry into the mid-rib suggests that E. loftini larvae are only brießy exposed to foliar applied contact insecticides. Hence, longer residual activity of insecticides will likely contribute to improved control. The residual and translaminar activity of novaluron (Ishaaya et al. 2002 (Ishaaya et al. , 2003 is likely responsible for the superior control observed in our Þeld study.
Elements of potential control strategies highlighted by this research include the use of pheromone traps to assist scouting and substantially improve application timing, increased residual activity of insecticides, and resistant cultivars that impede larval entry into the stalk. In Louisiana E. loftini is expected to inßict substantial revenue losses (ReayÐJones et al. 2008) , and the need to develop management strategies is becoming urgent. In addition to reducing injury and increasing yield, control tactics that reduce adult emergence could aid in managing area-wide populations (Bessin et al. 1990a ) and slow the expansion of this invasive pest. Our Þndings on a new monitoring method, an intervention threshold, insecticide efÞcacy, and early instar behavior relative to varietal resistance and sugarcane plant phenology all contribute, in addition to providing suitable irrigation and avoidance of soil salinity (ReayÐJones et al. 2005, Showler and Castro 2010a) , toward the advancement of increasingly effective E. loftini IPM.
